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ABSTRACT

'.

Green materials and composites is a movement that J18S. been gained the global. attention over the.

past few years. Recently, green materials are 'planned to be environmentally responsible,

-economioally viable, and healthy places to live and work. One of the main materials. that are

currently used in green materials is biocomposite. Biocornposites are emerging: as the

replacement to synthetic fiber reinforced composites. They are environmentally friendly .and 'help

to eliminate the. increasing Cost of using petroleum-based materials. Biocomposites are the

combination of natural fibers or. biofibers (usually derived from plants or cellulose) with polymer

matrices. Biofibers offer many advantages such as renewability. recyclability, biodegradability.

low specific gravity, and high specific strength. In addition, using biofibers call address the,

ecological and economical concerns of the industrial materials. Generally, biocomposites have

received increasing attention from both of the academic world and industries as building,

automotive, packaging, decoration and So on. This paper discusses about the Extraction of

PAI,..F, some of its physical and mechanical properties and biocomposite formation and its.

properties.

v



Table of Contents

CHAPTER.ONE: INTRODUCTI()N., , ~· · ~ , 6

1.1. Background ; , , 6

1.2; Problem statement ; , 8

1.3. 'Objectives ; ,' , ·.t , ,', 9

J :3.:!.. Main objective , ;· ~.;..,' , 9

'13.2. Specific objectives , , ; , , ': , ,.·9

1:4. Justification ~ , · ,..~,' ; ; .' , 9

1.5. Scopeof the project ~ ;..i~ , ; 9

CHAPTBR. TWO: LrtERA TURE REVlEW· , , · 10

2.1. Pineapple Leaf Fibre (PALF) ,;; , , 10

2.I..l. PALF Properties .; ,., ~ ; , · " ~.;....•.... , 11

:2.1.'2. Fiber extraction , ~ , · · · i ·; ; 12

2.2. Bio-resin ., :.1 ; : , , ·.13

2.3.. Composite -,material.. ~ .', ~ ; ,' , ...1.5

2.4. Bio-composites , : ;..1.7

2.4.1.. Matrices for Biocomposites ,..:~ : ~ ; 19

2:4.2. Propertiesof Pineapple biocompesltes with polyester resin 20

2.4.3. Factors affecting properties of biocornposites ; ; 20

2.S:. Composite manufacturing processes , 21-

2.5.1.

2.5:2.

2.5..J ..

.2.5.4.

Hand Laminating .., ,.,' ~: 2.1

I{ot Press Method , 21'

'. Spray-Up (Chopping) ,.., , 22

'Resin injection techniques : 22

1



;2.;5;5.. Compression moulding · · 23

CJ-IAPTER THREE: .M·ETFIODOLOO·Y ; ! 25

3.1. Fiber extraction , .: , 25

3..1.1. Rettiii,g : , 25

.3.1-.2. Scrapping ; ".2·?

'3.2. Tr~attnentof extracted fibers , ; , ~ 26

3.2.1. Causticisation (slack mercerization) ; : ; 26

3.3. Characterization of'PALF , , , , , · 26

3.4. Bio- Composite formation- ; , : , :28·

J.4.1. Fabric preparation r , : : ••• , -; , 28

3.2. Testingof'the bio composite ;;.. , r : , ,29

~.2 ..l. Tensile test (ASTM D(l38) ,.., ,..,.29

3.2.2. Three-point bending (flexural strength) tests .(ASTM D790) 30

CHAPTER FOUR: RESULtS AND D1SCUSSIONS ~ : 31

4.l. Fibermechanical properties :=:: : ~ , 31

4.) ~I. Fiber strength and percentage .elongation : 31

4.1:2. 'Fiber lineardensity : ~ : ; , 32

4.1.3. Fiber moisture content 32

4.2', Composite Properties ; , ; , 33

4.2. t. Tensile strength., ; ; 33.

A..2.2. Flexuralstrength ..; , , ·i , ; •• , , ••• 36

CHAPTER FIVE; CONCLt)SJONS.AND RECOMMENDATIONS 39·

CHAPTER·SJX;APPENDJCES " ~ ; , ! ·."•••:•.;•••:•••41

,~. ~. 4 •••••••• ,. ~ •• ~ t •••••• ~••••• , •• ~. ~•••• , ••• 0' •• 0 ' •• , ••••••• ~. *~ ~. _,10;4 ~ •••••• , •• t •• , ~, , •• ~t ••' ,••• , _', " "* t •• ',' ••• i ••••• t ~4 •• * 42'

'REFERENCES ;.~ ,, , 43



LIST OF TABLES

Table 1.3.1.1-#ain pineapple producing countries-pineapple production (Mf) year 2009 · T
Tab.le2.1.1.1: physical and mechanical properties ofPALFfrom SfTRA (George el at, 1995, 1998;
'Ulna Devi et al..., 1997) ~ 11
Table 2.1.1 ..1: Advantages and Disadvantagesof Commercial Composite (Peter, 200'2) 17
Table 2.4.2.1 -shows Properties of Pineapple blocomposites with polyester resin.. 20
Tabl~·2. 4.1.1 -shows Factors effecting properties ofbiooomposites , , 20
Table 4.1./.1..1, shows the strength and the. % elongation of the fibers " ., ~, 31
Ti:rble4; l.Z.l-shows t~e fiber sample relative to their fiber mass , ~ ~ 32
Table 4.1.3.1 shows f.iber 'samples with their relative moisture contents 32
TC!M~.4.211-sh_ows composite samples, composite stress and epoxystress :..; ;; .33
For strain.s from the Equation (XII) .was.used, a table of strain and sample specimen was obtained
and shown 'in Table 4.2.1.2; 33
Using-the mean values obtained from the Table 4.2.2.1 above! , 36

3



L1ST OF FIGURES

Figure 1,1.1- A pineapple plantation in Walugorna, Bugir] District, , " 7
Figure 2.1j-shows that the PALF is a multicellular fibre like other vegetable fibres " 10
Figure·2.1 :1.1 shows hand' scrappingmethod ofP ALP extraction ,.~ : .12
Figure 2,J .2.2, shows machines 'used ·for.PALF extraction (lunintemational.en.alibaba.cem) , 13
Figure2.3 ...i; Lightweighteompositemilitary helmet , , , , ,., , , 16
Figure 2;};2,Iriterior parts.of'tlie Mercedes.A. 200 reinforced by natural fibers , , ,.. 16
Figure 2.3 .3-Bioc0J11posite door panel , , e , 16
Figure 2.4.1: Natural.fibers (slivers? non-woven and 'Woven fabrics) for engineering part-manufacture
•••• ~•.•~•••••.• 4~.' •• ~ f~.'.'~.,".' •..•.." ~f •• , •••••• ~., t ••••• " f., ••• ," ., ' •• "., •• "f \.~ •••••••• , •••• " •• , ".f " , ~.<I·•••.••• 19
Figure 2.5.)., Hand laminating (left);.Boat hull (right) ; : ~ , 21
'Figure 2.5.2: Injection molding: " , ; ; 22
Figur~.i.5.J: RTM principle , ,.' ; ~..; , , 23
Figure 3.1 ..1- Showing cxtracting.ofPALF , " ; , : , 25
Figure..3.3.1 ; showing when 1 was rneasuringthe fiber strength ; , r , 27
Figure.q.l .1, .below shows' the elongation.and fiber strength. as extracted from the values shown in the
table-above , ,.." , , ' , " , ,.31
Figure' 4.2. J • Shows the extension (m) against the load applied on the compositematerials .34
Figure 4.2.2. Shows the extension (m) against the load applied oil the Epoxy Resin ; 3S
Figure 4:2.3, shows stress-strain graph oi'the epoxy resin ;..37
Figure 4.2:4~ s~~.w.sstress-strain-graph .of the' composite material , · 31

4



TERMS AND ACRONYMS USED

"1) PALF-pineapple leaf fiber

2} MUK -Makerere university

5



·CHAPTER ONE: .INTRODUCTION

I.I.Backgrouud

Uganda is a landlocked country on the equator in 'East Africa With a total, area of2.41,038

krn'', (Bureau of African Affairs.August 10, 2'OlJ} Compared to.most countries in the Sub-

Saharan Africa, Agriculture is a prominent 'practice iir Uganda's economy because' of its

'overall contribution to economic growth, supplies' of foods and fruits. fiber and other raw

materials.

Traditionally; agricultural materials have been shipped away for processing, ,or disposed of

postharvest. Diversification, of the industry is crucial in encouraging' economic; stability and

growth, Value-added processing would help in agricultural diversification ..

Pineapple Leaf Fiber (PALF)" the subject of the present study, is a waste product of

pineapple cultivation. Hence, pineapple leaf fiber can be obtained 10'r.industrial purposes

without any additional cost.

In Uganda, there are no large-scale pineapple, growersat present and pineapple is produced

exclusively as' a smallholder crop by farmers in Kayunga, Luwero district (Ssonko et al...

200S) and other places grown as a sole crop or an, intercrop with bananas arid avocados, with

cover crops with Maesopsis erninii and Mango trees mostly in Kasese district. and eastern

Uganda districts;
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